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The view that pernicious anemia is due to an injurious agent derived 
from  the  gastrointestinal  tract  has  of  late  years  attained  the  pro- 
portions of a doctrine, and it has determined the direction of all recent 
efforts  to  find  the  cause  of  the  disease.  Whether  such  a  view  is 
inevitable is a  question worth asking.  In the present paper we shall 
show that  one  of  the  findings which has been  considered well-nigh 
conclusive in its support is in reality worth little as  evidence.  We 
refer  to  the  marked  siderosis  of  the  liver  parenchyma  that  occurs 
during pernicious anemia,  a  localization of pigment which has been 
taken  to  indicate  that  pathological  blood  destruction  is  localized 
within the portal tributaries. 
Hunter 1-e in special has laid emphasis on the difference in distribution of the 
hemosiderin found in the organs of cases of pernicious anemia and that laid down 
as the result of frank blood destruction throughout the circulation  as a whole. 
$iderosis in instances of the latter sort is usually far more marked in the kidneys 
and spleen than in the liver where it is especially abundant in pernicious anemia. 
Hunter's contention that a portal blood destruction is thus indicated in pernicious 
anemia receives support from the quite different distribution of the siderosis in 
animals in which hemolysis has been experimentally  induced by injections  into 
t Hunter, W., Lancet, 1888, ii, 556. 
Hunter, W., Lancet, 1888, ii, 608. 
a Hunter, W., Lancet, 1888, ii, 654. 
4 Hunter, W., Lancet, 1903, i, 283. 
Hunter, W., Lancet, 1903, i, 367. 
e Hunter,  W.,  Pernicious  amemia: its  pathology,  septic  origin,  symptoms, 
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the  systemic circulation  ~' 6' 7, s,  and in those given intravenous or subcutaneous 
injections of hemoglobin.  Schurig,9  for example, found that daily injections of 
the hemoglobin of the horse into the subcutaneous  tissue of rabbits led  to  an 
abundant siderosis of the kidneys with but a slight one of the liver. 
Recent  work  on  the  removal  of  hemoglobin  from  the  plasma  by 
the liver and kidneys has suggested  to us the possibility that  differ- 
ences in  siderosis such  as those  described  might be produced  merely 
by  varying  the  amount  of  pigment  set  free  into  the  general  circu- 
lation.  We  shall  record  experiments  which  prove  that  this  is  the 
case  and  then  discuss  the  theoretical  considerations  leading  to  and 
deriving from them. 
Method. 
Young rabbits, mostly of less  than 1,500 gin.  weight have been used for the 
work.  The liver of old normal animals of many species contains not infrequently 
a few granules of hemosiderin, but in immature rabbits of the size indicated they 
are not  found.  The hemoglobin was prepared from rabbit corpuscles  by  the 
method of Sellards and Minot. 1°  It was given in concentrated watery solution 
of 120 to 160 per cent hemoglobin strength (Palmer) into the subcutaneous tissue 
of the flanks and abdomen, care being taken to select spots where there were no 
large vessels; and gentle massage was done to diffuse the pigment somewhat, but 
not greatly, since  our aim was to bring about a gradual absorption throughout 
the  24  hours.  We were able in  many instances  to assure ourselves that  this 
actually happened, by direct inspection from time to time of the injection area 
through the translucent skin.  Injections were given on 6 days out of every 7. 
For purposes of  tabulation  (Table I)  the  daffy hemoglobin dose is  expressed 
roughly, in terms of the total hemoglobin of the blood of each individual, as cal- 
culated from the hemoglobin percentage (Palmer), and the total blood quantity, 
assuming the latter to constitute 5.5 per cent of the gross body weight.  There 
were no great differences in the hemoglobin percentages of the animals selected, so 
the only important variable was the weight.  Many of the rabbits grew so rapidly 
as to necessitate frequent increases in the amount of pigment given.  The injec- 
tion period ranged from 13  to  102  days and  the hemoglobin dose from ]  that 
normally possessed by the animal to _1_ of it.  The larger injections caused some  15o 
loss of body weight, but in general the health of the animals was remarkably good. 
Hunter, W., Severest anaemias; their infective nature, diagnosis and treatment, 
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The principal  complication  developing  was a  hemogl0binuria  from the sum- 
mated effect of the injections.  Haessler  n  has noted that in the rabbit hemo- 
giobinuria  follows the rapid introduction into a vein of pigment amounts greater 
than ~  of that possessed by the animal.  Frequently in our experience, when a 
considerable amount of pigment had been introduced beneath the skin all was not 
absorbed  before the next injection,  and after a number of injections  absorption 
would be going on from several different regions at once with result that pigment 
appeared in the urine.  When small amounts were used,  only a slight brownish 
stain could be detected in the subcutaneous tissue after 24 hours, yet even in such 
instances the urine tests were often eventually positive for hemoglobin.  Whether 
this was due to an overtasking of the abilities of the other organs removing pig- 
ment from the blood,  or resulted  from changed  local  conditions  we have not 
inquired.  IndUration at the site of injection rarely occurred. 
The urine of most of our rabbits was daily submitted to the guaiac test, though, 
as is well known,  a  positive reaction does not always  mean hemoglobinuria  in 
these animals,  and we were but seldom able to demonstrate blood pigment with 
the  spectroscope.  That  it  was  actually present  in  the urine  in many of the 
positive  instances  was indicated by their  time  of occurrence,  which  was  after 
several large injections  or a considerable number of small ones. 
When large amounts of hemoglobin had been given, the renal cortex proved to 
be  snuff-colored from siderosis,  but the color of the liver  was  never distinctly 
altered from the normal, and the spleen was quite unenlarged  and unchanged in 
hue.  Chloroform  was the routine lethal agent.  Blocks from the liver,  kidney, 
spleen,  and red bone marrow were fixed in alcohol and stained with ammonium 
sulfide, and in  duplicate,  by the  combined  ammonium sulfide-potassium  ferro- 
cyanide method of Nishimura.  Muir and Dunn  8 advocate the use of hot hydro- 
chioric acid in carrying out Nishimura's technique,  and, confirming their results, 
we find that iron is much more sharply demonstrated thereby.  But since prac- 
tically all of the data on the distribution of hemosiderin in human beings have 
been obtained by the less perfect methods above mentioned, we have given most 
attention to their use.  The criterion  used in gauging the degree of siderosis was 
likewise that employed with most of these  data, namely the appearance of the 
tissue under  the microscope.  Since only special  cells and regions of each organ 
undergo pigmentation, a decision as to which organ contains most hemosiderin 
cannot be reached, unless the differences are pronounced. 
RESULTS. 
The  distribution  of  hemosiderin,  as  ascertained  by  the  means 
described,  differed  markedly  with  the  amount  of hemoglobin given 
(Table I).  When a  daily portion of less than ~  of the approximate 
quantity  of  pigment  in  circulation  was  employed,  practically  no 
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TABLE  I. 
Relative Siderosis of the Rabbit Li~er and Kidneys. 
Propor- 
tion  of 
animal's  Period 
Rabbit  Final  own  covered  hemo-  by  in-  No.  weight,  glpbln  iections. 
~ven 
each 
time. 
gin.  days 
1  1,750  1  80 
150 
1 
2  1,850  ~  80 
1 
3  1,600  -~0  37 
1  4  1,800  i-~  102 
1  s  2joo  ~  6s 
1  37  6  1,sso 
7  1,650  1  72 
8  1,500  1  37 
9  1,6so  i  37 
6O 
10  1,65o  _~  20 
3O 
11  1,3751  1  19 
30 
1  12  1,35C  ~  18 
13  2,00c  !_  13 
8 
1 
14  1,75C  ~  13 
Observed  siderosis. 
None. 
I Very slight; more in liver 
than kidneys. 
None. 
Much  of  liver;  none  of 
kidneys. 
Much of liver; a  few gran- 
ules in kidneys. 
Much  of  liver;  some  of 
kidneys. 
Much  of  liver;  some  of 
kidneys. 
Marked  kidney  siderosisi 
little  of  liver. 
Similar amount  in  both 
organs. 
Remarks. 
No tests made for hemoglo- 
binufia. 
No tests made for hemoglo- 
binuria. 
Guaiac test  occasionally  pos- 
itive; spectroscopic find- 
ings  negative. 
No  tests made  for  hemo- 
globLuuria. 
No  tests made  for  hemo- 
globinuria. 
Guaiac test  occasionally  pos- 
itive; spectroscopic  find- 
Lugs negative. 
No  tests made  for  hemo- 
globinuria. 
Old  scarring  of  kidneys  in 
both  instances.  Guaiac 
test  occasionally positive; 
spectroscopic findings  nega- 
tive. 
No hemoglobin ever in urine. 
Hemoglobin demonstrated in 
urine  with  i  the  spectra- 
scope. 
Much  kidney  siderosis;  !Hemoglobin found once with 
little of liver,  the spectroscope. 
Very marked kidney sider-  Hemoglobin  often  in  the 
osis; little of liver,  urine  as  shown  with  the 
spectroscope. 
Very marked kidney sider-  Hemoglobin almost regularly 
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siderosis was  anywhere to  be  found, even after  the injections had 
been kept up for many weeks.  By the use of hot hydrochloric acid 
a  blue dot could sometimes be demonstrated within the nucleus of 
many cells of the convoluted tubules of the kidneys, but with the 
ordinary technique it was not evident and so may be dismissed from 
attention.  After slightly larger injections, long continued, the liver 
parenchyma  exhibited  a  well  defined  stippling  with  hemosiderin, 
which, like that of pernicious anemia, was most pronounced near the 
periphery of the lobules; whereas the kidneys were non-pigmented, 
or negligibly so.  With still more hemoglobin, the differences in the 
organs  became less noteworthy and sometimes the kidney tubules 
showed an equal or greater siderosis.  Always when large injections 
had been given, resulting in hemoglobinuria after  but  a  few days, 
the epithelium of the renal tubules was heavily siderosed with coarse 
granules  or  lumps,  and  the  hepatic  parenchyma was  by  contrast 
negligibly pigmented.  Often in  such instances  an  amorphous ma- 
terial giving the iron reaction was to be seen lying free in the glomeru- 
lar capsule and the lumen of the upper tubules, a  material such as 
Muir  and  DunnS.~  noted  after  intravascular  hemolysis.  In  the 
spleen no special siderosis was ever found, thus bearing out Schurig's 
contention that this organ, while a  great locus of deposit for injured 
cells, has no special power to retain the pigment derived from them. 
The same would seem to be true of the bone marrow, to judge from 
our specimens. 
An attempt was made to repeat the work with dogs, but several 
obstacles intervened that  proved decisive.  Dog hemoglobin has  a 
marked tendency to crystallize out of solution.  We were unable to 
keep it for more than a few hours in concentrations greater than 55 per 
cent  (Palmer);  and  to  administer the necessary amounts in  dilute 
form  entailed  large  injections  that  were  often ill-borne.  Further- 
more, the relative vascularity of the subcutaneous tissue of the dog, 
as compared with that of the rabbit,  and the wide extension of the 
injected material through it, combined to result in such rapid absorp- 
tion that hemoglobinuria was rendered frequent.  On the other hand, 
when the pigment had not been spread by massage, abscesses often 
developed.  In the dog, too, the Kupffer cells have what would seem 
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to  be  an  unique  predilection  for  hemoglobin.  In  several  of  our 
animals the liver  sections submitted to  the  ferrocyanide reaction, 
appeared deep blue to the unaided eye, obviously containing enormous 
quantities of iron, but with the microscope this iron was seen to be 
confined almost  wholly to  the  Kupffer cells  which showed both  a 
granular and a diffuse coloration.  The six young dogs of our experi- 
ments were given hemoglobin in amounts of from ~  to r]v of that 
possessed in the blood.  All ultimately developed hemoglobinuria and 
were  sacrificed  for  that  reason.  The  findings  as  regards  relative 
siderosis  of the. liver and kidney parenchyma were inconclusive, as 
might have been predicted from these facts. 
The renal siderosis  in both the dog and rabbit affected especially 
the  cells  of the proximal convoluted tubules  and  of the ascending 
limb of Henle's loop,  as is the case in pernicious anemia, but not in 
hemochromatosis#  3 a  disease in which there is no evidence of patho- 
logical blood destruction. 
DISCUSSION. 
We  have shown that the constant presence in the general circula- 
tion, as distinct  from the specifically  portal, of a small amount  of 
free hemoglobin  leads eventually to a siderosis  of the liver  similar 
to  that  which has been considered so  significant  in  pernicious anemia. 
When  this  amount is kept within certain  limits,  renal siderosis  fails 
to appear or is negligible  in degree.  When  more is given, the epi- 
thelinm  of the renal tubules  rapidly becomes  pigmented,  the iron 
deposition far outstripping that in the liver. These are the facts. 
The conception which led to the experiments demonstrating them,- 
and which  itself  receives strong  support from  them,--will  now  be 
outlined.  It  is  based  on  the  differing  activities  of  the  liver  and  kidneys 
in the elimination of  hemoglobin. 
The  liver  possesses a special ability  to remove  free  hemoglobin 
from the blood stream,  ~4  and under normal circumstances is  probably 
the principal  organ, if not the only one, that keeps the plasma free 
from the pigment.  It may  still  succeed in so doing,--and  in the 
t~  Gaskell,  J.  F.,  Sladden,  A. F.,  Wallis,  R. L. M., Vaile,  P.  T.,  and Garrod, 
A. E., O  uarl. J. Med., 1913-14, vii, 129. 
14 Dubin, H., and Pearce,  R. M., J. Exp. Med., 1917, xxv, 675. P. D. McMASTER,  P. ROUS, AND  L. C. LARIMORE  527 
doing become siderosed--when there is a persistent slight increase in 
the amount of hemoglobin coming to it.  Its ability, though, is over- 
tasked by any considerable frank hemolysis,--as is often evidenced 
by the hemoglobinuria then ensuing; and when this is the case, the 
pigment accumulates in greater or less quantity in the blood, to be 
dealt with by the kidneys according to the laws governing the fate 
of  threshold  substances.  Hemoglobin is,  like  dextrose  and  many 
foreign dyestuffs, a  threshold substance in its renal relations,  ~b one 
which readily passes the glomerular barrier but undergoes a  greater 
or less resorption during its passage through the tubules.  One would 
suppose,  a  priori,  that  hastening this  passage would  favor  hemo- 
globinuria  by  lessening  the  opportunities  for  resorption,  just  as 
glycosuria is favored.  And, indeed, Haessler,  11 in a  paper from this 
laboratory,  has  demonstrated  the  fact  that  flood  diuresis  causes 
marked hemoglobinuria, when it  is  induced immediately after  the 
intravenous injection of an amount of blood pigment so small that 
none passes into the urine under ordinary circumstances.  All this 
being true, it is obvious that there must be many clinical occasions 
when hemoglobin passes into the tubules but fails to reach the urine, 
owing to the completeness of its resorption.  A similar resorption of 
foreign dyestuffs leads to their deposition in quantity in the tubule 
cells.  Does not renal siderosis come about in a  like manner?  And, 
when there is much blood pigment to be resorbed, will not the unusual 
opportunities of the tubule cells to  obtain it lead to  a  noteworthy 
hemosiderin deposition within them?  The results of our experiments 
indicate that these questions are to be answered in the affirmative. 
The findings do not permit of a conclusion as to whether the freedom 
of the kidney from hemosiderin when small amounts of hemoglobin 
have been administered is due to a glomerular threshold for the latter 
substance, as distinct from the greater renal one.  Not infrequently, 
after large injections of hemoglobin, the amorphous contents of the 
glomerular capsule and tubules yields a  positive reaction for iron, a 
fact which strongly suggests that hemosiderin may circulate as such 
in the blood and be excreted in the urine where indeed one of us has 
already found it lying free in granular form.  16 
Is Cushny, A. R.,  The secretion of the  urine, London,  New  York, Bombay, 
Calcutta, and Madras, 1917. 
,e Rous, P., J. Exp. Med., 1918, xxviii, 645. TABLE  II. 
Relative Siderosis of the Liver and Kidney in Pernicious Anemia, Determined 
Microscopically.* 
Author and reference. 
:~uincke,  H.,  Sam~d.  klin. 
Vortr., 1876, No. 100,797. 
~uincke,  H., Deutsch. Arch. 
kiln. Med., 1877, xx, 1. 
:~uincke, H., Dcutsch. Arch. 
klin. Med.,  1879-80,  xxv, 
.567. 
~ott,  F. W., Lancet, 1889, 
i, 520. 
$Iott, F. W., Lancet, 1890, 
i, 287; Practitioner, 1890, 
xlv, 81. 
3riffith, J. P. C., and Burr, 
C., Tr. Assn. Am. Phys., 
1891, vi, 239. 
FIopkins, F. G., Guy's Hosp. 
Rep.,  1893-94,  1, 349. 
~ttthlen, A., Deutsch.  Arch. 
kiln.  Med.,  1894-95,  llv, 
248. 
Warthin, A. S., Am. jr. Med. 
Sc.,  1902, cxxiv, 674. 
Hunter, W., Lancet,  1903, i, 
367. 
No.  of 
Cases. 
Degree of siderosls. 
Liver.  I  Kidney. 
Equal in both. 
Marked.  Very  slight. 
"  None. 
"  Slight. 
"  None. 
"  Slight. 
"  None. 
Equal in both. 
Marked.  Slight. 
Moderate.  None. 
Equal  in  both. 
Marked.  Less. 
Slight.  Moderate. 
Moderate.  Slight. 
Technique used. 
Potassium ferrocyanide 
and  hydrochloric 
acid. 
Ammonium sulfide. 
Potassium ferrocyanlde 
and  hydrochloric 
acid;  also  ammo- 
nium Sulfide. 
Potassium ferrocyanide 
and  hydrochloric 
acid; also ammonium 
sulfide. 
Potassium fenvcyanidc 
and  hydrochloric 
acid;  also  ammo- 
nium sulfide. 
Potassium ferrocyanid¢ 
and  hydrochloric 
acid. 
Technique  not  men- 
tioned. 
Potassium ferrocyanid¢ 
and  hydrochloric 
acid. 
* The  reports  of  Hunter's  many  cases  4-7  do  not  lend  themselves  well  to 
tabulation. 
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TABLE II--Concluded. 
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Author  and reference,  No. of i 
e..as~. 
~nlland, C.L., and Goodall,  3  I 
A.,  Y.  Park.  and  B~t.  5 
1905, x, I25.  3 
4 
2 
~chnelder,  J.  P.,  J.  Am. 
Med.  Assn.,  1920, lxxlv, 
1759. 
Degree o| siderods. 
Liver.  I  Kidney, 
Equal in both. 
Marked.  Moderate. 
"  Slight. 
Present.  None. 
Equal in both. 
Marked.  ] M~lemte. 
"  None. 
Technique used. 
Potassium  ferrocyanide 
and  hydrochloric 
acid. 
Technique  not  men. 
tioned. 
The  observed  variations  in  the  distribution  of  hemosiderin  in 
pernicious  anemia  are  rendered  understandable  by  the  facts  just 
presented.  In T~ble II a  summary is given of the records of several 
observers on siderosis in the disease.  It will be seen that while an 
hepatic pigmentation not infrequently exists Without any siderosls of 
the kidney, and is usually relatively marked when the latter occurs, 
yet cases are not wanting in which the renal siderosis equalled that 
in the liver  (Table II).  Such individual differences in the siderosis 
of the  disease may be due to  the same cause that  has yielded like 
findings  in  the  animals  of  our  experiments,  v/z.  differences  in  the 
amount  of  free hemoglobin in the  general circulation.  Livers that 
are  damaged--and  the  organ  is  assuredly  damaged  in  pernicious 
anemia  as  a  fatty  change  attests--not  infrequently  become  some- 
what siderosed in the  absence of a  pathological blood destruction;  ~7 
and when this is present pigmentation may become extreme? s 
Let  it  be  granted,  despite  the  foregoing,  that  blood  destruction 
during  pernicious  anemia  is  mainly  portal.  Even  this  constitutes 
no reason for the belief that the disease has its seat within the viscera 
draining  to  the  liver  by  the  portal  stream.  Too  little  notice  has 
been  taken  of  the  circumstance  that  red  ceils,  damaged  in  many 
body  regions  and  in  many  different  ways,  are  alike  "scrapped" 
17 Kretz, R., Beitr. klin. Med. u. Chir., 1896, No. I5. 
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within  the  spleen,  whence the  liberated  hemoglobin passes  to  the 
liver.  Thus it is with cells damaged by a  burn of the skin,  TM  by a 
hemotoxin,  ~° or specific hemolysin injected into a peripheral vein, by 
chemical  agents  such  as  toluylenediamine,  2z  or  by  the  principles 
respousible for incompatibility on transfusion.  Even under normal 
conditions, the same local deposition of corpuscular debris goes on,  ~2 
as it does also to a much more considerable extent during repair from 
secondary anemia,  when the unusually frail  cells  put  forth  by  the 
marrow are threshed to pieces whilst in circulation.  23  All this is  to 
say that many sorts of blood destruction which are systemic in origin 
become portal in completion.  So it may well be with the destruction 
that takes place during pernicious anemia. 
A  brief  comment upon  the other evidence for  a  portal  origin  of 
pernicious  anemia  will  not  be  out  of  place.  Stress  has  been  laid 
upon  the  resemblance  between  the  disease  and  Bothriocephatus 
anemia, and  on the results of experiments whereby a  blood picture 
not  dissimilar  from  that  of  pernicious  anemia  has  been  produced 
through the action of hemolytic substances absorbed from the gastro- 
intestinal  tract.  There can be, of course, no doubt that substances 
affecting a  liberation  of hemoglobin within  the  portal  vessels  will 
cause a  more distinctive liver siderosis than those active within the 
circulation generally.  Yet the latter can suffice as we have shown. 
The symptoms from the alimentary tract during pernicious anemia, 
and  the anatomical changes ultimately found therein, constitute no 
stronger  evidence on  the  seat  of  the  disease  than  do  the  nervous 
symptoms and changes.  The most that can be said of them is that 
they are  suggestive.  But  no matter how suggestive they seem in 
association with the other facts just mentioned, it is surely good policy 
to box the compass of possibilities in the consideration of so obscure 
a disease as pernicious anemia, rather than to look for enlightenment 
in a fixed direction. 
t~ Askanazy, M., in Aschoff, L., Pathologische Anatomie, Jena,  4th edition, 
1919,  i, 69. 
20 For example, the megatheHolysin of Todd. 
~l Joannovics, G., Z. Heilk., 1904, xxv, 25. 
2~ Rous, P., and Robertson, O. H., J. Exp. Med., 1917, xxv, 651. 
23 Robertson, O. H., and Rous, P., J. Exp. Med., 1917, xxv, 665. P. D. MCMASTER,  P. I%OUS, AND  L. C. LARIMOEE  531 
SUM~A.RY. 
The selective deposition of hemosiderin in the liver parenchyma 
during pernicious anemia does not constitute evidence that there is a 
hemolytic cause for the disease located in the portal  region.  The 
repeated introduction of small amounts of free hemoglobin into the 
general circulation,  by  the  subcutaneous  route,  leads,  as  we have 
shown,  to  an  identical  siderosis.  Larger  amounts  of  hemoglobin 
cause  a  renal  pigmentation  equalling  or  exceeding the  hepatic,  a 
fact that is in keeping with what is known of the physiology of hemo- 
globin excretion and of the findings in human beings after outspoken 
hemolysis. 